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Introduction
The canonical Wnt signaling pathway plays critical roles in embryonic development [1] and is also important during the adult life of all multicellular organisms including humans. The pathway controls cell proliferation and differentiation and supports stem cell self-renewal as well as regenerative processes in various tissues [2] . On the other hand, aberrant activation or hyperactivation of the Wnt pathway in an adult tissue can lead to carcinogenesis, most notably in the colon [3] and breast [4] .
Breast cancer (BC) is typically divided into three major subtypes [5] . The most frequent estrogen receptor-positive type is the most curable through application of hormonal therapy agents, such as tamoxifen [6] . The second type lacks expression of estrogen receptors, but instead overexpresses the receptor tyrosine kinase HER2 and is efficiently treated with anti-HER2 antibodies (trastuzumab) [7] . The third form, relatively less frequent (ca. 10-15% of BC cases), is known as the triple-negative breast cancer (TNBC) due to the lack of expression of estrogen receptor, HER2, and progesterone receptor. Consequently, this form does not respond to hormonal or trastuzumab therapies, leaving the treatment of patients with general cytotoxic chemotherapies as the only option. This absence of targeted therapies, along with the fast progression of TNBC to metastasis, make this form of BC the deadliest, accounting for more than half of all breast cancer deaths [5, 8, 9] .
Development of a targeted anti-cancer therapy requires understanding of the signaling pathway(s) overactivated in a given cancer type. As clearly established recently, this proproliferative signaling in TNBC is provided by overactivation of the Wnt signaling pathway [10, 11] . The Wnt pathway in humans operates with 19 homologs of Wnt proteins as ligands and 10 homologs of Frizzled (FZD) proteins as receptors. The other components of the pathway involve a co-receptor LRP5/6, Dishevelled, G-proteins, a multiprotein β-catenin destruction complex, βcatenin itself (which serves as a transcription cofactor inducing expression of the Wnt target genes) and many cofactors of the latter. Taken together, it gives a variety of therapeutic targets for inhibition of the pathway [11] [12] [13] .
In TNBC, overexpression the receptor FZD7 and the co-receptor LRP6 has been described [14, 15] , while the identity of the Wnt ligand activating TNBC cells has been elusive. Targeting of M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 FZD7 and the Wnt pathway as a whole with small molecules or antibodies as an approach to anti-TNBC (and general anti-cancer) drug development has been started [13, [16] [17] [18] [19] [20] . As an alternative, drug candidates can be sought from natural sources, mostly medicinal plants [21, 22] . Unlike in TNBC, aberrant activation of the Wnt signaling in colon cancer (CC) is initially triggered by loss-of-function mutations in the negative regulator of the pathway, APC and, more rarely, axin [3] . Later on in CC progression, a positive feedback loop has been described to be driven by excessive production of certain Wnts, such as Wnt2 [23] and Wnt3 [24] , leading to additional activation of the pathway at the ligand-receptor level. Loss of expression of natural Wnt antagonists (sFRP and WIF) have also been described in CC [25] [26] [27] . Importantly, sequestration of Wnts by antibodies or re-introduction of the natural antagonists have been shown sufficient to block proliferation of CC cells [25, 27] . Thus, targeting the pathway at the level of the ligand or receptor may also be a valid approach for anti-CC drug discovery.
In Cameroon, the use of plants in traditional medicine is well-documented, and evidence highlighting the importance of these plants for cancer therapy has been reported [28, 29] . Here, we analyzed extracts from six plants used in Cameroon as medicines or spices for their potential to influence Wnt signaling and proliferation in TNBC and CC cells. One of them, from Syzygium guineense Wall. (Myrtaceae) [30] , demonstrated a strong activity against these cancer cells and organoids. Fractionation experiments revealed that the active components belong to tannins -a group of polyphenols, some of which have been previously implicated in suppression of the Wnt pathway in other systems [31] [32] [33] [34] . Unlike other polyphenols active against the Wnt pathway, S.guineense tannins block the signaling by specifically inactivating Wnt proteins upregulated in cancer cells. Being edible [35] , this African plant may have an important cancer-preventive nutritional value.
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Materials and Methods
Plant material and preparation of extracts
Six plants from different families were used in this study. These plants were collected at the Kala The plant parts used (leaves, roots and bark) were dried at room temperature, crushed and sifted.
The powder of each part was then macerated at the ratio of 1:10 (w/v) for 48h in MeOH or in a mixture of water:EtOH (3:7; pH3.0). Each mixture was then filtered using Büchner funnel and Whatman No. 1 filter paper. The residue was extracted the same way once more after 48h. Each filtrate was concentrated in a rotary evaporator and subsequently dried in the oven at 55°C for two days and powdered. No signs of thermal degradation were seen with this procedure. Each powder was labelled and stored at room temperature for further study. The extraction yields are provided in Fig. 1A .
Luciferase activity measurements
The Wnt-induced luciferase activity was analyzed essentially as described [18] . Briefly, 100µl of BT-20 (HTB19) TNBC cells (stably transfected with the TopFlash luciferase reporter [18] ) or CC cells DLD-1 or SW620 (transiently transfected as described below) at 150000 cells/ml were added into each well of a white opaque 96-well plate. The cells were maintained in DMEM containing 10% FBS and incubated at 37°C, 5% CO 2 overnight. On the next day, the medium of each well was replaced by 50µl fresh medium containing Wnt3a (500ng/ml) CHIR99021
(purified as described [36] ) or 10µM and extracts at the concentrations indicated in the text.
After overnight incubation, the supernatant in each well was removed and the luciferase activity was measured as described [18] .
If indicated, the BT-20 cells were additionally transfected with the plasmid constitutively (under the CMV promoter) expressing Renilla luciferase; DLD-1 and SW620 in all cases were transfected by the 1:5 mixture of the CMV-Renilla luciferase-encoding and TopFlash plasmids.
Transfection was carried out next day after seeding as described in manufacturer's protocol using 12µg/ml of DNA and 40µl/ml XtremeGENE 9 reagent (Roche). After overnight incubation, the medium in each well was replaced with the one containing extracts and Wnt3a as described above. After 24h incubation, cells were harvested and analyzed for activities of both firefly and Renilla luciferase as described [18] .
Western blotting
β-catenin stabilization assay and analysis of LRP6 phosphorylation and total levels were performed essentially as described [36] . BT-20 or L-cells were seeded at 50000 cells/well in 48-well plates; on the next day, the medium was removed and replaced with a fresh medium prewarmed to 37°C and containing Wnt3a at 200ng/ml and the extracts at indicated concentrations. After 3h incubation at 37°C, the medium was removed, the cells in each well were washed twice with 500µl of 1xPBS and lysed directly in the well by addition of 30µl of ice-cold RIPA buffer (1xTBS, 4mM EDTA, 1% Triton, 0.1% SDS, 1xProtease inhibitor cocktail (Roche), cocktail of phosphatase inhibitors (2mM NaF, 1.15mM Na 2 MoO 4 , 2mM Na 3 VO 4 , 1mM Na 4 P 2 O 7 , 4mM Na-tartrate, 2mM imidazole, 1mM β-Glycerophosphate, all from Sigma)) for 10min. The cells were then resuspended, the debris was removed by 10min centrifugation at 16000g, 4°C. The supernatants were further analyzed by Western blot with antibodies against βcatenin (BD), p-LRP6 (CST) and total LRP6 (CST) and α-tubulin (Sigma).
Reverse transcription and qPCR
The total RNA was extracted from cells in one confluent well of a 6-well plate using Trizol reagent (Life Technologies) according to the manufacturer's protocol. The reverse transcription was performed with TAKARA RNA PCR kit (RR019B) with 5µg of total RNA using oligodT primer according to the manufacturer's protocol. The obtained cDNA was used directly in qPCR using the TaqMan Gene Expression master mix, Applied Biosystems (4369016) and following TaqMan Gene Expression Assay primer/probe sets: Wnt1 (Hs01011247_m1), Wnt2b Invitrogen, in the ABI 7500 Fast qPCR system.
MTT assay
100µl of BT-20, HCC38, MDA-MB-231, HCC1806, HCC1395, MDA-MB-468, DLD-1 or SW620 cells at 30000 cells/ml were added into each well of a transparent 96-well plate. The cells were maintained in DMEM containing 10% FBS and incubated at 37°C, 5% CO 2 overnight.
The medium of each well was replaced by 50µl fresh medium the next day containing extracts dissolved in EtOH. For rescue experiments, the cells were preincubated for 1h and then maintained in the medium containing 10µM CHIR99021. After incubation for 3-4 days, for each sample concentration, 50µl of 1 mg/ml Thiazolyl blue (Carl Roth) solution in 1xPBS was added into each well. The plate was incubated for 3h at 37°C. Then the solution was removed, and 150µl DMSO was added into each well. The plate was then vortexed for another 30s.
Absorbance at 570nm was measured in the plate reader (VictorX, PerkinElmer).
CRC organoid assay
For tumor organoids culture, Apc fl/fl ;Kras G12Dtg/+; Tp53 fl/fl ;villin-Cre ERT2 mice were treated with 4 injections of 1mg/g tamoxifen (Sigma), and intestinal epithelial cells cell were isolated at day 4 as described [37] . Cells were embedded in Matrigel (Corning) and cultured in Advanced 
Solid-phase extraction (SPE) of the Syzygium guineense extracts
Solid-phase extraction was performed in the 3ml PP SPE columns (Carl Roth). The column was packed with suspension of either RP-18 silica (Merck) or SC-6 polyamide (Macherey-Nagel) sorbent in 100% EtOH. RP-18 silica (Merck) was subsequently equilibrated by wash with 10 bed volumes of 5% MeOH, 0.1% acetic acid buffer. Polyamide SPE was performed essentially as described [38] . 100µl (8mg) of water-solubilized extract was applied to the columns and the step-wise elution was done as shown on the corresponding figures. 1ml fractions were collected and subsequently concentrated at 60 o C in the SpeedVac (Eppendorf) concentrator to the final volume of 50µl and then 2µl of each fraction was used for the anti-Wnt activity analysis in the luciferase assay as described above.
Wnt and other proteins precipitation analysis
Conditioned 10%FCS/DMEM with C-terminally HA-tagged Wnt3a (Wnt3a-HA) was prepared by 3-days incubation of stably transfected HeLa cells, for Wnt7a the stably transfected CHO cells were used and for Wnt5a the stable line of L-cells (ATCC). For preparation of IL-6-GFP and CXCL12-GFP conditioned medium, BT-20 cells were transfected as described with corresponding constructs (Addgene #28088 and 98961, PMIDs 17606866 and 29678950) and incubated for 48h post-transfection. Secreted GFP was purified from baculovirus expression system using anti-GFP-nanobody fused to GST (Addgene #61838 PMID 25964651) and was added to the medium at concentration of 10µg/ml. Transferrin labeled with Alexa 488 (cat. no T13342, Invitrogen), EGF labeled with TAMRA (cat. no E3481, Invitrogen) and BODIPY-
GTPyS ((cat. no G22183, Invitrogen) were used for fluorescent-based assay and were diluted in PBS supplemented with 10%FBS instead of cell culture medium to the final concentrations of 4µg/ml for EGF, 25µg/ml for transferrin and 500nM for BODIPY-GTP. In all cases, after harvesting or addition of the purified proteins, the solutions were centrifuged for 10-20 min at 16000g and the supernatant was stored at 4oC prior to experiment. Further, the solutions were pre-warmed to 37oC, mixed with extracts, tannic acid or vehicle at indicated concentrations and incubated for 2h at 37oC. The mixtures were centrifuged for 10-20min at 16000g at room temperature and samples of the supernatant and the precipitate were prepared and analyzed by
Western blotting or supernatant fluorescence was measured using Victor3 plate reader (PerkinElmer).
Measurements of tannin concentration
Tannin concentration was quantified using the Folin-Ciocalteu reagent (Merck) as describe [39] .
Amount of free non-tannic phenols was measured using PVPP (polyvinylpyrrolidone, Sigma) precipitation as described in the same source and was found to be below 3% in any sample.
Apoptosis and cell cycle assays
DLD1 or SW620 cells were seeded at 500000 per well in 6-well plates and incubated 18-24h
with indicated amounts of tannic acid or the extracts. The cells were detached using Accutase solution (BD) and stained for the corresponding assays. Apoptosis levels were measured using Annexin V/PI staining kit (Sigma-Aldrich) according to the manufacturer's instructions. For cell cycle analysis, the cells were fixed in 70% EtOH and stained with propidium iodide prior to analysis. For both assays, the analysis was performed on the BD Galleus flow cytometer and the results were analyzed using Flowing Software 2.5 (Turku University).
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Results and Discussion
Extracts from the following plants growing in Cameroon were prepared: Syzygium guineense 
While the receptors (FZD7 and LRP6) required for activation of the canonical Wnt pathway critical for TNBC cell proliferation have been identified [14, 15] , the identity of the Wnt ligand(s), which activate those receptors in TNBC cells, has been elusive. Given the inability of the existing anti-Wnt antibodies to recognize endogenous Wnt production (see https://web.stanford.edu/group/nusselab/cgi-bin/wnt/reagents), RT-PCR has been the standard means of detecting Wnt overexpression in cancer cells [41] . To pinpoint the Wnt overproduced in TNBC, we thus performed qPCR analysis, with ribosomal protein S23 as a standard, on the control mammary epithelium line HMEC and the TNBC line BT-20, with probes specific for the canonical Wnt ligands, which have been previously reported to be present in breast epithelial (normal or cancerous) cells [4, 42, 43] . Of these Wnts, none but one -Wnt3a -shows a strong (by two orders of magnitude) increase in the expression levels in BT-20 cells over the healthy mammary epithelia ( Fig. 2A ). qPCR analysis in two other TNBC cell lines, HCC1806 and MDA-MB-468, also shows a strong (330 ± 16 and 13 ± 2 folds, respectively, n=3) increase of Wnt3a expression as compared to HMEC cells. Moreover, addition of ectopic Wnt3a enhances proliferation of TNBC cells (Fig. 2B ). Thus, Wnt3a is severely overproduced in the TNBC cells, and it is the likely ligand activating the canonical Wnt pathway, required for proliferation of these cells.
We next aimed at identifying the level of the pathway, at which the active component(s) of the plant suppresses the signaling. Many existing inhibitors act rather low in the signaling hierarchy, e.g. at the level of transcription, which limits their chances of being developed as specific anti-Wnt drugs suppressing the pathway over-activated in a given pathologic condition (such as TNBC) rather than throughout the organism [13] . In contrast, drugs acting at rather high floors of the Wnt signaling have more promise [10] .
As the first rough attempt to identify the point of action of the extracts from S. guineense on Wnt signaling in TNBC cells, we assayed for β-catenin stabilization. We indeed detected an ability of S. guineense extract to decrease basal levels of β-catenin in the BT-20 TNBC cell line (Fig. 2C ).
We then moved towards a more sensitive assay using L-cells, which do not display β-catenin until stimulated with ectopic Wnts. We (Fig. 1A) , but were not elaborated further in this work.
We next tested whether the active component(s) of S. guineense could block the signaling at the level above the plasma membrane. Investigating this possibility, we found that S. guineense extracts at increasing concentrations inactivate the Wnt3a ligand ( Fig. 2E) ; both intact Wnt3a and its HA-tagged version were equally affected. Interestingly, Wnt3a in these experiments was inactivated in the cell culture medium containing serum, and even at the highest concentrations of the extract no general effect on protein precipitation could be detected ( Fig. 2E) . Thus, the natural product from the Cameroonian plant has an unusual mechanism of action against the Wnt pathway, namely the direct destabilization of the Wnt protein.
To gain further insights into the molecular identity of the active component(s) of the S. guineense extracts that inhibit the Wnt3a-induced signaling and proliferation of the TNBC cells, we reextracted the lyophylisate of the initial EtOH-water extraction of S. guineense roots with either water or EtOH. Importantly, the water extraction yielded more Wnt-inhibitory activity than the ethanol extraction ( Fig. 3A ), suggesting that the active component is hydrophilic. Since polyphenols, predominantly tannins, are abundant in S. guineense [30, 44] , we analyzed the phenolic content in these two extracts, and indeed found that the water extract was more richer phenolic compounds than the ethanol extract ( Fig. 3B ). Using the PVPP binding assay (see Materials and Methods), we found that more than 97% of those phenols are polyphenolic.
We next compared elution profiles of water and EtOH extracts on the C18 column using RP-HPLC and UV detection ( Fig. 3C and D) . The lipophilicity, the chromatography behavior ("tannin hump") and the PDA UV spectra of the compounds eluting in the range between 10ml to 30ml (corresponding to the concentrations of MeOH in the eluate of ca. 20 to 60%) corresponded to that of tannins/polyphenols [45, 46] . We additionally performed SPE (solidphase extraction) of the water extract on C18 and polyamide stationary phases ( Fig. 3E and F) .
We proportionally to their polyphenolic content (Fig. 3F ). Finally, we were able to recapitulate inhibition of Wnt signaling by pure tannic acid (from Sigma, Fig. 3G and H) . In parallel to this, tannic acid was efficient in inhibiting growth of BT-20 cells (Fig. 4A) , as well as of five other TNBC cell lines ( Fig. 4A and B) . Taken together, these data unambiguously identify tannins as the active anti-Wnt agents in the in S. guineense extracts. Tannins are well known as extracellular protein destabilizers through hydrophobic interactions and hydrogen bonding, yet the tannin concentrations required to precipitate proteins in general are in the mg/ml range [47, 48] . In contrast, µg/ml concentrations are sufficient to destabilize Wnt3a and inhibit the Wnt signaling in TNBC cells ( Fig. 1B and 2D ). Investigating whether the destabilizing effect of tannins is restricted to Wnt3a or also affects other members of the Wnt family, we found that even at low concentrations, tannic acid was capable of removing Wnt5a and Wnt7a from solution (Fig. 4C) . In contrast, tannins display dramatically reduced capacity to destabilize other proteins, such as BSA ( Fig. 2E) , Transferrin (Fig. 4F) , GFP (Fig. 4G ), or the cytokines EGF, CXCL12, or IL-6 ( Fig. 4F, G) . Thus, tannins appear to possess a specific activity against Wnt family proteins, which may be related to the post-translational lipid modifications of these morphogens [49] . We hypothesize that these lipid modifications, through increasing the hydrophobicity of these growth factors, provide the extreme sensitivity of Wnts to tannins.
Acting at the extracellular level to destabilize Wnts, tannins may be expected to affect the transmembrane Wnt receptors. Of those, LRP6 has previously emerged as an attractive target of potential anti-TNBC therapies, as it is upregulated in TNBC, and its silencing suppresses both Wnt signaling and proliferation in TNBC cells [14] . To address the effects of tannins on LRP6, we first found that LRP6 phosphorylation, induced upon ectopic Wnt3a in TNBC cells, is efficiently prevented by tannins ( Fig. 4D) . Remarkably, we also found that the overall levels of LRP6 in TNBC cells are reduced upon addition of tannins, in a concentration-dependent manner ( Fig. 4D) . Inhibition of the Wnt pathway, e.g. with the anti-helminthic drug niclosamide, have previously been found to decrease total LRP6 in cancer cells [50, 51] . We hypothesize that the reduction in the overall LRP6 levels is the consequence of the destabilizing effect of tannins on endogenous Wnts produced by TNBC cells (see Fig. 2A ). However, we cannot at this stage exclude that tannins may act independently on both Wnts and LRP6.
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Using tannic acid, we further explored the causative relationship between inhibition of Wnt signaling and suppression of proliferation in TNBC cells. The need for the active Wnt signaling for TNBC cell proliferation has been reported previously [14, 15] , and as we have shown above, Wnt3a is overproduced by the TNBC cell line BT-20 and that further boosting of the pathway by adding ectopic Wnt3a can accelerate cell proliferation ( Fig. 2A and B) . However, Wnt3a is known to activate both canonical and non-canonical signaling branches in different cell types [52] [53] [54] . Intriguingly, we find that exclusive stimulation of the canonical branch by pharmacological inhibition of GSK3β by CHIR99021 [55] fails to recapitulate the Wnt3a effects on TNBC cell proliferation (Fig. 4E ). Despite this, CHIR99021 can significantly, yet incompletely, rescue the cell proliferation inhibition induced by tannic acid (Fig. 4E ). As expected, CHIR99021 induces strong activation of the Wnt pathway in TNBC cells, and tannins are unable to block the pathway activation induced at the level of GSK3β ( Fig. 3G and H) . We thus conclude that: i) both canonical and non-canonical Wnt signaling are implicated in TNBC proliferation; ii) tannins, acting directly at Wnt ligands, impede both branches, thus suppressing cancer cell proliferation; iii) targeted rescue of the canonical branch is capable of partial restoration of proliferation inhibited by tannins.
These finding delineate a novel molecular mechanism of action of tannin-rich S. guineense extracts on Wnt signaling and cell proliferation. However, given the poor bioavailability and metabolic stability of polyphenols [56] [57] [58] , and the extracellular mechanism of action we have revealed here, the prospects of S. guineense tannins as drug candidates against TNBC are slim.
We thus propose that S. guineense tannins might become promising dietary supplements to prevent and/or treat early stage colon cancer (CC). CC, similarly to TNBC, critically depends on the upregulation of the Wnt pathway for the oncogenic transformation and proliferation [3] . We investigated whether tannic acid or S. guineense extracts would be able to suppress the Wnt signaling and proliferation of CC cell lines DLD1 and SW620. Tannins inhibited growth in both cell lines ( Fig. 5A and B) , with apoptosis (and not cell cycle arrest) being the main driver for the growth suppression ( Supplementary Fig. S1 ).
As both DLD1 and SW620 cells contain a mutation in APC, we expected them to have high levels of endogenous canonical Wnt pathway activation, further exacerbated with autocrine production of different Wnts [23, 24] . Surprisingly, we find that the basal level of the pathway is
dramatically higher in SW620 than in DLD1 cells; these high basal Wnt activation levels in SW620 cells are sensitive to inhibition with tannins, while the low basal Wnt levels in DLD1 are considerably less sensitive ( Fig. 5C and D; please note the different scales in these panels).
Collectively, these data illustrate that apoptosis in SW620 cells correlates well with the Wnt pathway inhibition. Given the potential that both canonical and non-canonical Wnt signaling may contribute to cancer cell proliferation (see above), we hypothesize that the non-canonical Wnt component, not measured in the TopFlash assay of Fig. 5C and D, may be more pronounced in DLD1 cells. Of note, the SW620 cell line is microsatellite stable, while DLD1 cells are derived from microsatellite instable CC, thus the existence of additional oncogenic mutations in DLD1 cells is highly likely [59] . We cannot also exclude that tannins affect DLD1 cell proliferation through non-Wnt effects.
With the differential activity of tannins on these two CC cell lines requiring additional investigation, we decided to move one step closer to the in vivo CC in our analysis of the effects of tannins on this Wnt-dependent cancer. For this, we used the well-established 3D CC stem-cell derived model [37] . Using intestinal organoids from Apc fl/fl ;Kras Lsl-G12D ;Tp53 fl/fl ;villin-CreERT2
(AKP) mice [60] , we measured the single cell clonogenic capacity as indication of organoids'
"stemness", i.e. the ability of a cancerous single cell to give rise to an organoid, and their diameter, as a measure of cell proliferation within the organoid (Fig. 6 ). Both tannic acid and S.
guineense extracts demonstrated a concentration-dependent reduction of organoids' clonogenicity ( Fig. 6A ) and size (Fig. 6B ). Similarly to our observations for the CC cell lines, pure tannic acid was more potent than S. guineense extract. In accordance with our findings that tannins directly destabilize Wnt, we could recapitulate the tannin-induced inhibition of organoid formation and growth by Wnt scavenging with soluble FZD5-CRD domain (Fig. 6A and B) . S. guineense, tannic acid and FZD5-CRD also suppressed expression of Wnt target genes in organoids, as seen both by Western blot and qPCR ( Fig. 6C to E ). Additionally, we tested whether tannic acid and S. guineense extracts affect growth of already established organoids, thus probing their "curative" potential, imitating better the effect on well-growing tumors ( Supplementary Fig. S2 ). Both agents showed positive effects also in such contest, although the effect of pure tannic acid was much more pronounced. When compared to the treatment performed directly after single cell seeding, these data indicate that "preventive" potential of tannins is higher than their "curative" activity.
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16 Several examples of polyphenolic compounds inhibiting the Wnt pathway at different levels of the pathway have been described [31] [32] [33] [34] 61] . Of those, analysis of the effects of tannins [61] is particularly relevant to our study, given the high abundance of tannins in S. guineense [30, 44] .
In this study [61] , similarly to our findings in TNBC cells, fruit tannins were found to inhibit the signaling above the level of β-catenin stabilization in HEK293 cells, but the exact mechanism of action was not delineated. In contrast, we here identify the Wnt proteins as the point of action of tannins against the Wnt pathway. At IC 50 concentrations of ~10-20 µg/ml, tannins of S.
guineense block Wnt signaling and proliferation of TNBC cells through direct inactivation of Wnt3a, which is the main Wnt ligand overproduced by these cells.
However, due to inherent inability of polyphenols to become enteral or parenteral drugs, their scope of applications is limited to cancers of GI tract, of which most notorious is CC. Indeed, berries and leaves of S. guineense are edible and therefore might reach the tumor sites [62] .
Chemopreventive and anti-colon cancer activities have been attributed to apple tannins previously [63] , and an effect of ellagitannins from berries of another Syzygium species, Indian Jamun (Syzygium cumini) on Wnt signaling in CC cells have been described, although the exact mechanism of action has been elusive [61] . A positive effect of S. cumini extract on gastric cancer has been reported [64] , yet the mechanism was unclear. Here we show that tannins of S. Statistical analysis by one-way ANOVA, * is for p<0.05; *** is for p<0.001. 
